ABSTRACT Vol. 53, No. 4 Printed in U.S. A. This study presents data on the effect of Varying dermal perfusion rates in an in. vitro chamber on percutaneous penetration. Increasing the perfusion flow rates significantly increases the penetration rate with the compoimds studied. This suggests that the data obtained in in vitro studies will be more meaningful when ideal flow rates are determined for such chambers and validated with in vivo data.
This study presents data on the effect of Varying dermal perfusion rates in an in. vitro chamber on percutaneous penetration. Increasing the perfusion flow rates significantly increases the penetration rate with the compoimds studied. This suggests that the data obtained in in vitro studies will be more meaningful when ideal flow rates are determined for such chambers and validated with in vivo data.
Dermal perfusion rate is rarely commented upon as a significant variable in in vitro experiments on percutaneous penetration. Investigators varied chamber designs; but few attempted to approximate in vivo dermal perfusion rates or establish what effect varying this rate had on penetration. Attempts have not been made to standardize epidermal surface conditions, dermal perfusion rates, types of perfusate, continuity of dermal perfusion flow, or stirring of perfusate. Tregear states that 10 jd/min/cm' is the rate beyond which increasing perfusion fails to alter pentration (1) . In that paper no perfusion data were presented to validate this figure; reference was made to Feldberg Mature guinea pigs were sacrificed by intraperitoneal injection of 300 mg of pentobarbital and skinned. The pelt was pinned by the edges on a tray of wax, shaved with an Oster® animal clipper, using head 10, and carefully reshaved with head 4O. The resulting skin was turned epidermal side down and repinned on a dry bed of wax. Kenwoodfli kerchiefs moistened with saline were laid over the subcutaneous muscle and exposed dermis to prevent desiccation while a sharp dissection was performed between the subcutaneous muscle and the dermis. Dissection was easiest over the belly and most difficult over the rump.
A thin wall brass ring 2.4 cm in diameter with smoothed edges was placed on the dermal side and a metal hose clamp was brought up and around it from beneati and tightened with a screw-driver to form a structure looking like an inverted tambourine with the dermal side forming the inside bottom of a 1.5 cm tall "cup" (Fig. 1 ). Scissors were used to trim away excess skin from the edges. The cup was then placed in a broom clamp attached to a rotating wheel slanted at 30°s uch that when the cup was filled with 2 ml of saline a portion of the dermal surface was left exposed to the air but would be washed 6 times a minute as the wheel rotated and the fluid covered and then uncovered all portions of the dermis. A Pasteur pipette was used to carefully remove all the fluid and 2 ml of fresh saline was immediately replaced in the cup when samples were taken.
This method allowed a simple comparison of the effect of the freciuency of changing the perfusate (and thus varying volumes of dermal perfusion).
In another method, referred to as the "drip method," a bottle of saline was hung with intravenous tubing leading to a 30 gauge hypodermic needle. Saline was allowed to drip on a cup similar to the one previously described with the exception that the skin sides were reversed. The ring was placed on the epidermal side so that the cup, when inverted, would expose the outside bottom or dermal side to saline dripped from 5 to 10 cm above it. Perfusate was allowed to run off the sides of this apparatus from which it fell to a collection funnel conducting it to a calibrated test Application of test material to the epidermis was carried out with a 100 lambda pipette to gently and evenly spread the acetone solution containing '4C-testosterone or testosterone propionate.
Standards were made with the same pipette. The standard consisted of 100 l of testosterone or testosterone propionate added to 10 ml. of methanol. One-hundred l of this solution was added to 2 ml of saline in the Packard low potassium counting vials, and 17 ml of counting solution was added.
To determine the radioactivity of the perfusate, a 2 ml aliquot of the sample was added to 17 ml of the counting solution containing: 6% PPO (2,5-diphenyloxazole) 2: 1 Baker reagent grade toluene: Filtered Rohm and Hass Triton X-100
The filtration was carried out by gravity using 1 filter paper. Radioassay was performed in a Representative data are included in Figures  2 and 3 . The perfusate was changed at intervals of from ½ to 4 hours as noted. The notation as to the "drip method" refers to a constant flow rate of 7-8 ml/2 hrs. These representative curves show the data until just prior to reaching the steady state. In most experiments sample collections continued for 4 to 8 hours after reaching a steady state.
In Figure 2 , utilizing testosterone, the rate of penetration approximately doubled each time the dermal perfusate doubled (i.e. changing at 1, 2, and 4 hours). It is emphasized that this was not a continuous flow but the data may be considered roughly equivalent to 2, 4, 8, and 16 cl/min/cm2. When a continuous flow of 2 ml/hr was employed, the penetration more than doubled. The data from testosterone penetration studies show slightly increasing penetration rates for 2 ml/hr, 1 ml/hr, and ½ ml/hr samples at 24 hours whieh are near their eventual steady states based on previous experiments. During steady state, the perfusion rate continued to directly affect the recovery rate. The experiment was not carried beyond 24 hours as it was felt that the cutaneous barrier could not are not strictly controlled hour by hour and from sample to sample may have artifact introduced into its results. We do not feel that the dependence of penetration in vitro on perfusion rate precludes the validity of in vitro studies.
It does suggest the necessity for obtaining background data on perfusion rates that may yield results comparable to the in vivo situation.
